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immune functions.
The work by Be´ne´zech et al. (2012)
might also be relevant to our under-
standing of the relationship between
obesity and inflammation, a relationship
which is becoming increasingly recog-
nized as a major contributor to chronic
illness and immune-related metabolic
disorders (Osborn and Olefsky, 2012). If
indeed adult preadipocytes are suscep-
tible to reprogramming to LTo cells by
local tissue inflammation, this might
explain why adipose tissue often contains
aberrant lymphoid tissue. In this context,
it is worth noting that dendritic cells
express high amounts of RALDH2 (Szat-
mari et al., 2006); therefore, in the adult,
these cells might provide the initiating
retinoic-acid stimulus to set in motion
the self-perpetuating process of (in this
case, aberrant) lymphoid-tissue forma-
tion. Secondary lymphoid-tissue forma-
tion is completed soon after birth and
appears to be no longer dependent on598 Immunity 37, October 19, 2012 ª2012 Elinitiating signals such as retinoic acid;
hence, it might be possible to interfere
with ongoing tertiary lymphoid-tissue
formation associated with tissue inflam-
mation in the adult organism without dis-
rupting the function of already established
lymphoid tissues.
Finally, the work by Be´ne´zech et al.
(2012) provides an unexpected and very
welcome boost to efforts aimed at con-
structing artificial lymph-node structures
(Kobayashi et al., 2011). Preadipocytes,
the newly identified precursors of LTo
cells, are plentiful in adipose tissue;
hence, they provide a readily available
source suitable for the in vitro generation
of LTo cells, for instance, by successive
treatment with retinoic acid and agonistic
LTbR antibodies. In view of the self-
enforcing nature of LTo-LTi interactions
described above, it is reasonable to
expect that transplantation of such artifi-
cially generated LTo cells into suitable
tissue sites will lead to the formation of
genuine LN- like structures.sevier Inc.REFERENCES
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The contraction of T cell populations after immune responses is poorly understood. In this issue of Immunity,
Singh et al. show that ‘‘deletor’’ T cells regulate the frequency of antigen-specific T cells by competing for
shared subthreshold ligands.We have known for some time that the
peripheral T cell pool remains roughly
the same size despite the repeated
perturbations associated with infection.
However, regulation of cell number is
only half the story: for the T cell pool to
function effectively, it is the quality, not
just the quantity, of its membership that
counts. Faced with an unpredictable anti-
genic future, breadth of repertoire is key.
In this regard, how the immune repertoire
is preserved despite regular episodes
of clonal expansion has puzzled immuno-logists. If restoration of T cell numbers
after such events were simply regulated
by competition for generic resources,
one might expect the concurrent loss of
‘‘bystander’’ T cells and a gradual narrow-
ing of the repertoire over time.
In this issue of Immunity, Singh et al.
(2012) report a regulatory mechanism
that they propose minimizes the risk of
repertoire contraction after immune
responses. Their initial quest was to
unravel why T cells respond so differently
in lymphopenic hosts compared withintact ones. It is widely appreciated that
lymphopenia provokes bad behavior in
T cells—consequently, numerous models
of autoimmunity exploit lymphopenia
to promote pathology. Indeed, in the
authors’ own model, in which T cell
receptor (TCR) transgenic CD4+ T cells
(5C.C7 cells) were transferred into mice
systemically expressing their cognate
antigen (pigeon cytochrome C [PCC]),
autoimmune arthritis occurred only if
the recipient mice lacked other T cells.
What is surprising is the explanation that
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PreviewsSingh et al. found for this observation.
It appears that the key consequence of
lymphopenia in this system was not
merely to provide ‘‘space’’ by eliminating
competition for generic trophic factors
such as cytokines, nutrients, and costi-
mulation. Rather, lymphopenia provided
an environment devoid of particular
T cells that would otherwise specifically
target and eradicate the PCC-specific
T cells; it is the absence of these ‘‘dele-
tors’’ that allowed unfettered persistence
of 5C.C7 cells and thus led to autoim-
mune pathology.
To track down these hitherto unappre-
ciated assassins, the authors fractionated
and screened polyclonal CD4+ T cells by
starting with centipools comprising 100
cells each. Strikingly, certain centipools
showed potent deletor activity against
PCC-specific T cells, whereas others
had no effect whatsoever. Centipools
with inhibitory activity showed no en-
richment of canonical regulatory genes,
suggesting that deletion could not be
explained by the presence of regulatory
T cells. Furthermore, centipools with
potent activity against PCC-specific
T cells had no effect against T cells
with a different specificity. Thus, deletor
T cells are not global regulators of immune
homeostasis but instead specifically
regulate particular T cell clones.
To delve further into the identities of
the deletor cells, the authors rather hero-
ically sequenced TCRs from the active
centipools and used them to generate
retrogenic mice. Remarkably, this ap-
proach allowed the identification of a
single T cell specificity that could re-
capitulate the deletor cell activity of the
entire pool. The presence of this single
deletor cell specificity could even ame-
liorate autoimmune pathology driven by
5C.C7 cells responding to cognate
antigen, highlighting the surprising
potency of this form of regulation.
The central importance of TCR speci-
ficity in directing ‘‘deletion’’ against par-
ticular clones hints at shared recognition
of antigens between the deletor and the
target. However, a number of experi-
ments argued against this explanation.
The authors could find no evidence that
the deletor cell could be activated by
PCC, the cognate antigen for the target
clone. Moreover, in an unexpected twist,
the deletor cell was shown to regulate
5C.C7 cells even in the absence of PCC.Here, the authors examined lymphope-
nia-induced proliferation and showed
that this too could be specifically inhi-
bited by deletor cells.
How could the requirement for a
specific TCR on deletor cells then be
reconciled with an antigen-independent
effect? The key to this dilemma appears
to lie in the ability of TCRs to recognize
more than one peptide sequence. As
a case in point, positive selection of
T cells in the thymus involves TCR recog-
nition of peptides that differ from those
that will later drive immune responses.
For the 5C.C7 TCR, an endogenous
peptide capable of mediating positive
selection has been identified by the Davis
group (Ebert et al., 2009). Intriguingly,
Singh et al. demonstrated that the deletor
cell controlling 5C.C7 responses could
also recognize this same peptide, pro-
viding the first clue about what links a
deletor cell to its target. Crucially, when
deletor cells and targets were mixed
together, they competed for this peptide
in a battle that the deletor cells ultimately
won. The implication of these experi-
ments is that deletor cells slowly but
surely suffocate their target clones by out-
competing them for access to a shared
TCR substrate. The latter is most likely
a self-peptide:MHC (major histocompati-
bility complex) that fails to cause overt
activation but that can presumably trigger
survival signals (i.e., a subthreshold
ligand).
The authors envisage a model in which
the peripheral T cell pool can be subdi-
vided into discrete compartments or
‘‘colonies,’’ membership of which is
dictated by recognition of a common
subthreshold ligand (Figure 1). Upon anti-
genic challenge, cells with the relevant
specificity would clonally expand; how-
ever, in the wake of the response, T cell
numbers would be primarily controlled
by competition between members of the
same colony. By devolving regulation to
narrow colonies, rather than relying on
mechanisms that target the entire T cell
pool (e.g., competition for generic growth
factors), one can minimize risk of reper-
toire shrinkage via bystander cell loss.
The mechanism reported here adds an
additional layer of regulation to those
already known to govern T cell homeo-
stasis (Surh and Sprent, 2008); such
mechanisms include competition for
interleukin-7 (IL-7) and intraclonal regula-Immunity 37tion. Regarding the latter, it is known
that T cells bearing identical TCRs
compete with each other for persistence
in the steady state and that precursor
frequency influences their subsequent
response to antigen (Hataye et al.,
2006). The mechanism proposed by
Singh et al. is distinct from this because
here, cells bearing different TCRs (and
hence different agonist specificities) are
competing for a common subthreshold
ligand.
That mature T cells experience low-
level TCR signaling in the periphery, suffi-
cient for the partial phosphorylation of
TCR zeta chains, has been appreciated
for some time (Witherden et al., 2000). Un-
raveling the biological function of such
signals has proved harder. Although
many experiments have implicated con-
tinued recognition of MHC class II in
peripheral CD4+ T cell survival, this is
not universally accepted. It has been
proposed that peripheral TCR signaling
‘‘tunes’’ T cells to disregard encounters
with self ligands and thereby reduces
the risk of autoimmunity (Grossman
and Paul, 1992). An alternative possibility
is that such interactions promote
T cell responsiveness by keeping them
‘‘poised’’ to respond better to encounters
with agonist antigens (Stefanova´ et al.,
2002). The study by Singh et al. suggests
an additional role for TCR ligation in the
periphery—namely, the organization of
T cells into discrete colonies that can
be independently regulated. Because in
some (although not all) cases endoge-
nous peptides presented in the periphery
might be the same as those encountered
during development, this might help
explain why positive selection is highly
peptide specific (not just self-MHC
specific)—i.e., the process is selecting
not just for cells that can see self-MHC
but also for their competitive fitness (Singh
et al., 2012) and functional alertness
(Stefanova´ et al., 2002) in the periphery.
One question that arises from the
present study is which antigen-presenting
cells bear the subthreshold ligands. The
fact that the mechanism is operative in
Rag2-deficient hosts suggests that B
cells are not required. Presumably, pre-
sentation involves dendritic cells and/or
macrophages, although it is tempting
to postulate a role for peripheral auto-
immune-regulator-expressing epithelial
cells (Gardner et al., 2008) given the, October 19, 2012 ª2012 Elsevier Inc. 599
Figure 1. Compartmentalized Homeostatic Control
The diagram shows 14 T cells each with a distinct agonist specificity. Small groups of T cells share the
ability to recognize a subthreshold ligand (a nonstimulatory endogenous-peptide-loaded MHC class II
molecule). T cells compete with other members of the same colony for access to the shared subthreshold
ligand. This establishes hierarchies in which one colony member can ‘‘delete’’ another via superior ligand
binding. Such ligand binding presumably triggers survival signals. A ‘‘deletor cell’’ is depicted within each
colony (the TCR for this cell is shown in contact with peptide-loaded MHC); this cell is the colony member
with the best binding to the relevant subthreshold ligand. Perhaps a T cell can belong to more than one
colony (e.g., T cell 10) as a result of recognition of multiple subthreshold ligands or the coexpression of
two TCRs.
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that occurs on thymic epithelial cells.
There is also the issue of the nature of
the signal induced by the subthreshold
ligand. The simplest interpretation is
that this is an intrinsic survival signal.600 Immunity 37, October 19, 2012 ª2012 ElHowever, one could also envisage that
competitive binding to the subthreshold
ligand might regulate access to a partic-
ular niche. This could constitute a classic
example of ‘‘interference competition,’’ in
which one population prevents a secondsevier Inc.population from occupying a habitat
and exploiting its resources (Freitas and
Rocha, 2000).
In summary, the work of Singh and
colleagues presents a new view of T cell
homeostasis based around competi-
tion for subthreshold ligands. Further
investigation is now warranted for unrav-
eling to what extent these findings are
applicable to other T cell clones and
how we can exploit this new under-
standing for clinical benefit. The use of
TCR signaling, albeit subthreshold, for
selecting for particular T cells is reminis-
cent of the principles of clonal selection.
Burnet himself referred to the clonal
selection theory as ‘‘still only something
in the process of being shaped into
usefulness’’ (Burnet, 1959). The Schwartz
group’s latest idea, concerning how
peripheral T cells maintain their competi-
tive edge will undoubtedly be shaped
further in the years to come.REFERENCES
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